ABSTRACT We compared egg survivorship and egg development time at different soil moistures for two closely related grasshopper species from divergent habitats: marsh-inhabiting Romalea microptera (Beauvois) versus desert-inhabiting Taeniopoda eques (Burmeister). These two species can interbreed and produce viable offspring. In nature, both species have a similar 8 Ð9 mo subterranean egg stage, but their soil environments differ dramatically in water content. We predicted that the eggs of the two species would exhibit differential survivorship and development times under different moisture levels. Our laboratory results show that the eggs of both species survived a wide range of soil moistures (Ϸ 0.5 to 90%), maintained for 3 mo. However, the eggs of the marsh grasshopper, R. microptera, better tolerated the highest soil moistures (95 and 100%), whereas the eggs of the desert species, T. eques, better tolerated the lowest soil moistures (0.0 and 0.1%). Sixty-Þve percent of marsh-inhabiting R. microptera eggs, but no desert T. eques eggs, survived 3 mo submersion under water. In contrast, 49% of desert T. eques eggs, but only 3.5% of R. microptera eggs, survived after being laid into oven-dried sand and then maintained with no additional water until hatch. In the laboratory at 26ЊC, the two species differed signiÞcantly in the mean length of the oviposition-to-hatch interval: 176 d for R. microptera versus 237 d for T. eques. These divergent traits presumably beneÞt these insects in their divergent habitats. Our results suggest the evolution of physiological divergence that is consistent with adaptations to local environments.
idence for their close relatedness is that the two species can mate and produce viable hybrids in the laboratory (D. W. Whitman, unpublished data). These shared phenotypic characteristics, mitochondrial DNA evidence (Mutun and Borst 2004) , and an associated biogeographical hypothesis Grant 1959, 1961) suggest that these two allopatric species only recently split from a common ancestor.
In contrast to these biological similarities, these two species live in very dissimilar environments. T. eques inhabits the dry Chihuahuan Desert of northern Mexico and the southwestern United States Grant 1959, 1961) , whereas R. microptera ranges across the humid southeastern United States (Hebard 1925, Rehn and Grant 1961) . In south Florida, R. microptera inhabits the Everglades, a wetlands environment that is the antithesis of the Chihuahuan Desert.
The Chihuahuan Desert of northern Mexico and southwestern USA is characterized by low and highly variable annual precipitation (Ϸ29 cm/yr), and low soil moisture (Brown 1982 . The sparse rains come in late summer and fall, after a spring-to-midsummer drought, and are localized and uneven ( Fig. 2) (Tinkham 1948 , Maddox et al. 1995 . Desert shrubs dominate the Chihuahuan Desert, and their small leaves, open architecture, and spaced dis- tribution expose the desert soils to intense solar heating that fosters soil desiccation (Brown 1982) . Indeed, summer soil surfaces can dry to 0.02% moisture content and reach 69ЊC (Whitman 1987 , Thoma et al. 2006 , which is far above the upperthermal, long-duration survival-limit of Ϸ31ЊC for lubber eggs (Chladny and Whitman 1998) .
In contrast, the South Florida Everglades experiences high precipitation (Ϸ140 cm/yr), as well as high and ßuctuating water tables and soil surface moisture levels (Chen and Gerber 1990, Lodge 2010) . Much of the Everglades area ßoods during the summer rainy season, and in some locations, R. microptera egg pods reside under water for several months. South Florida vegetation varies, but tends to be lush (Myers and Ewel 1990, Lodge 2010) , and the soil often remains wet and shaded from solar radiation, and, hence, cool (van Wingerden et al. 1991 , Getz 2005 . The annual temperature range is relatively narrow (Fig. 2) (Chen and Gerber 1990 .
In southern Arizona and New Mexico, T. eques oviposits in the fall (late September to late October). Rarely, a few older T. eques continue to oviposit into November, but only if the early winter weather remains uncharacteristically warm and moist, and there are no hard freezes. The eggs diapause through the winter and aestivate through the hot and dry springsummer drought. They hatch in July, in synchrony with the beginning of the late-summer rainy season ( Fig. 2) (Whitman and Orsak 1985) . Newly hatched T. eques do not feed on desert perennial shrubs, but instead feed on the short-lived, late-summer desert annuals that sprout only if and after there are suitable rains in July or late June (Whitman and Orsak 1985) . Hatching before the summer rains would be lethal for T. eques, because of the high temperatures, low humidity, and lack of food (Fig. 2) .
In contrast, most of the eggs of R. microptera from the Everglades region of south Florida, are laid in the summer (June through August). However, because of an extended hatching period and the long sub-tropical growing season in south Florida, which allows both population asynchrony and long adult lifespan, adults can be present in south Florida from late-April through January, and it is conceivable that at least a few eggs can be laid throughout the 8.5-mo early May through mid-January period. Nearly all R. microptera eggs pass through the mild Florida winter and hatch in February and March, in synchrony with rising spring temperatures (Fig. 2) ; however, a few pods hatch as early as late December or as late as mid-May (range ϭ 4.5 mo). In the Þeld T. eques eggs are subjected to extreme drought, whereas south Florida R. microptera eggs can experience prolonged ßooding. R. microptera eggs hatch when soil temperatures in the Þeld are moderate and slowly rising, whereas T. eques eggs fail to hatch under dramatically faster and higher temperatures increases (Fig. 2) . When cultured at 26ЊC in the laboratory, eggs of both species undergo diapause, which, based on the timing, would synchronize egg diapauses with winter in the Þeld (T.W.S., unpublished data).
Previous studies have already documented trait divergence in these sister species. For example, the two species differ in phenology Orsak 1985, Stauffer and Whitman 2007) , adult body color Grant 1959, 1961) , oviposition behaviors Whitman 1997, 2007) , and egg pod characteristics (Stauffer and Whitman 2007) , and all of these trait differences are in a logical direction, in that they presumably increase Þtness given their respective habitats (Whitman 1987 , Whitman 1988b , Stauffer and Whitman 1997 , 2007 .
In this paper, we continue to explore trait divergence in lubber grasshoppers by examining egg survival and hatching time under different soil moistures. Grasshopper egg physiology is an appropriate subject for evolutionary studies, because many grasshopper species spend the majority of their life cycle as eggs buried in soil (Stauffer and Whitman 1997) . Many temperate species exist as nymphs and adults for only 3 to 4 mo, but remain underground in the egg stage 9 mo (Uvarov 1966, Capinera and Sechrist 1982) . Hence, soil could be considered their primary habitat, and the short, above-ground period, their secondary habitat. As such, we would expect lubbers to have evolved adaptations that favor survival in the speciÞc soil conditions of their respective habitats. In this paper, we test the hypothesis that grasshopper eggs are adapted to their speciÞc habitat, by culturing egg pods under different soil moistures and monitoring survival. We predicted that survival in desert T. eques would be high in dry soil and low in wet soil, and that marsh-inhabiting R. microptera would show an opposite response. (2001) under a 14:10 L:D photoperiod. Hence, the late-instar and adult females of both species experienced similar laboratory thermal, photoperiod, and diet conditions, before ovipositing.
Materials and Methods

Insects
Egg Cups and Sand Moisture. Experiments were conducted in 1-liter plastic cups with tight-Þtting lids, Þlled three-fourths full with 1,100 g of clean, Þne grade, white, oven-dried sand, moistened to a speciÞc level with deionized (DI) water (Chladny and Whitman 1998, Matuszek and Whitman 2001) . A mated female grasshopper was allowed to lay a single egg pod of Ϸ66 eggs (T. eques) or Ϸ44 eggs (R. microptera) in each cup, and each cup represented a replicate. The difference in cup mass before versus after oviposition represented the mass of the deposited egg pod. Both the mass of the egg pod and the total mass of the sand-Þlled cup ϩ pod were recorded. Subsequent weighing of egg cups allowed us to monitor any water loss, which was corrected by adding DI water. The cups were sealed with a tight-Þtting lid and generally lost Ϸ0.05 g/H 2 O per week.
Different treatments contained different moisture levels calculated as a percentage of totally ßooded sand. Totally ßooded sand is sand containing no air bubbles, with standing water exactly at the top surface of the sand, and in our system represents 1,100 g oven dried sand containing 220 g of water. Hence, treatments of 100, 50, and 1.0% moisture content represent 220, 110, and 2.2 g water per egg cup (or per 1,100 g oven-dried sand), respectively. To change the moisture level, we removed the lid and either added DI water or used a fan at room temperature to evaporate water from the open cup.
Experiment 1: Thirteen Different Moisture Treatments. Our goal was to test water physiology in eggs that had tanned, as opposed to water physiology in soft, untanned, just-laid eggs. Therefore, we allowed mated T. eques and R. microptera females to lay egg pods into sand cups of 7% moisture. This moisture level allowed the eggs to tan and develop their water-resistance under "optimal" soil-moisture levels before the start of the experiment. Ten days after oviposition, when eggs had tanned and developed their waterresistant capabilities, cups were randomly assigned to, and adjusted to, one of 13 different moisture treatments (0.125, 0.25, 0.5, 1.0, 2, 4, 8, 15, 35, 75, 90, 95, and 100%) .
Each treatment was replicated ten times. Treatments were maintained for 90 d at their precise moisture levels by weighing weekly and adding any lost water. At 100 d from oviposition, the moisture levels of all 13 treatments were brought back to 7% by either adding or evaporating away water. This was done to assure that hatching for all treatments occurred at the same moisture level. For the 100% moisture treatment, evaporation to 7% required 6 d. The entire experiment was conducted at room temperature (mean ϭ 26ЊC; range ϭ 24 Ð28ЊC). We recorded the number and date of all hatchlings that emerged from each cup. We compared the effects of soil moisture on egg survival and hatching time. For egg survival, we excavated the pods 60 d after the last hatch (day 415), counted the number of eggs laid and the number of eggs hatched, and calculated the percent hatch for each cup. Lubber eggs are Ϸ9 mm long, with a tough chorion (egg shell) that remains in the soil after hatching. In unhatched eggs, the chorion is unbroken and the interior of the egg contains living or dead material. Unhatched eggs are easily distinguished from hatched eggs, which consist of an empty egg shell, split open in a characteristic way. For time to hatch, we used date of Þrst hatch per pod for our analysis to eliminate the problem of nonindependence, where a single hatching egg might inßuence other eggs in the same pod to hatch simultaneously. In this laboratory experiment, hatching times within a single pod varied: in some pods, most of the eggs hatched over a 1Ð2 d period, whereas in others hatching extended to over a month.
Experiment 2: Pods Laid Into and Maintained at Low Moisture Levels. After completing experiment 1, we were surprised at the ability of T. eques eggs to survive low soil moistures. Therefore, we conducted experiment 2 to test both lower moisture levels and longer exposure to dry conditions. In experiment 2, female R. microptera and T. eques laid into standard egg cups that were comprised of four soil moisture treatments (0.0, 0.1, 1.0, and 4.0% water) (N ϭ 15 pods per species per treatment). Containers were monitored every 4 d and maintained at these moisture levels at room temperature throughout the entire egg development period of 4 Ð10 mo, depending on species and treatment. Time to Þrst hatch and any subsequent hatching occurrences were recorded. For our analyses, we used time to Þrst hatch, as described in experiment 1. Sixty days after the last egg hatch was recorded, pods were excavated and the total number of eggs laid and percent hatch was determined.
Length of Egg Stage: T. eques versus R. microptera. In a separate analysis, we used data from experiment 1 to compare the mean length of the egg stage for the two species, under stable laboratory-room temperatures of 26 Ϯ 2ЊC. We used nonstressed pods, deÞned as those displaying Ͼ40% survival (n ϭ 74 pods for T. eques and 67 pods for R. microptera), because moisture stress might alter the egg incubation period. Thus, pods subjected to extremely low or high moisture levels, and which were more likely to exhibit both poor hatching and altered developmental rates, were not used. For this analysis, we used all hatchlings for each pod, as opposed to using only the Þrst hatch per pod, to calculate a separate mean time of hatching for each pod (each pod produced an independent mean). We then averaged all of these pod means to derive a grand mean for each species.
Statistical Analyses. The effects of moisture and species on percent hatch and time to Þrst hatch were tested using analysis of variance (ANOVA) and multiple ANOVA (MANOVA) (SAS 9.1; SAS Institute 2004). Some pods had individuals that hatched, but failed to reach the sand surface. For these pods, we had no data on hatching date, but we did have data on survival to hatch. Our analysis with MANOVA omits these pods. Post hoc comparisons with two-way ANOVA or TukeyÕs honestly signiÞcant difference (HSD) were conducted to determine signiÞcance between species and between moisture levels for both experiment 1 and 2. Length of egg stage was tested using a t-test.
Results
Experiment 1: Egg Survival After 90 d at 13 Specific Moisture Levels. The eggs of both species survived a surprisingly wide range of soil moistures; only moisture levels below 0.5% or above 90% produced substantial egg mortality (Fig. 3) .
Moisture signiÞcantly affected egg survivorship (F 1,12 ϭ 3.06; P ϭ 0.0007) whereas species did not signiÞcantly affect overall survivorship (F 1,12 ϭ 0.96; P ϭ 0.3285). However, the interaction of moisture level and species signiÞcantly affected egg survivorship (F 1,9 ϭ 3.28; P ϭ 0.0011). Post hoc two-way ANOVA showed that marsh R. microptera survived better than desert T. eques at high soil moisture levels of 90% (P ϭ 0.0260) and 95% (P Ͻ 0.0001). Indeed, no T. eques hatched from the 100% moisture treatments, and only 1.3% from the 95% moisture treatment (Fig.  3) . In contrast, desert T. eques survived better than R. microptera at 0.25% moisture (P ϭ 0.0109) and 0.125% moisture (P Ͻ 0.0001). At 0.25% moisture, 34% of T. eques eggs versus 10% of R. microptera eggs survived, and at 0.125% moisture, 63% of T. eques and 0% of R. microptera survived.
Time to Þrst hatch (the interval between oviposition and the time to the Þrst hatch for each pod) was not signiÞcantly affected by the interaction of moisture and species (F 1,9 ϭ 1.65, P ϭ 0.1052). Across all moisture levels combined, the two species displayed signiÞcantly different times to Þrst hatch per pod: R. microptera (mean Ϯ SE ϭ 164 Ϯ 6.1 d) versus T. eques (217.4 Ϯ 4.7 d) (F 1,12 ϭ 550.57; P Ͻ 0.0001). Moisture level alone (independent of species differences) signiÞcantly affected time at Þrst hatch (F 1,12 ϭ 2.63; P ϭ 0.0031), with hatching slightly accelerated in dry soils (Fig. 4) . The range in hatching times for all hatched eggs across all treatments was 133Ð224 d for R. microptera, and 195Ð355 d for T. eques. Experiment 2: Constant Low Moisture Throughout Egg Development. In this experiment, egg survival was signiÞcantly affected by the interaction of moisture level and species (F 1,3 ϭ 5.21; P ϭ 0.0029), with T. eques eggs surviving better than R. microptera at the lower soil moistures (Fig. 5) . Surprisingly, 48.6% of T. eques eggs survived being laid into absolutely dry sand and then maintained for 8 mo with no additional water. In contrast, only 3.5% of R. microptera eggs survived in completely dry sand (Fig. 5) . Egg survival for all pods combined was signiÞcantly affected by moisture level on its own (F 1,3 ϭ 24.52; P Ͻ 0.0001) and species on its own (F 1,3 ϭ 4.74; P ϭ 0.0333). In this experiment, which tested very low soil moistures, eggs survived better at the higher moisture levels used (i.e., 1 and 4% moisture levels), and eggs from desert-inhabiting T. eques survived better overall.
In experiment 2, the time to Þrst hatch/pod was signiÞcantly affected by the interaction of moisture level and species (F 1,3 ϭ 6.59; P ϭ 0.0006). The mean time for the Þrst hatch per pod was signiÞcantly longer for R. microptera at 0% than at both 1% (ANOVA: Tukey-Kramer; P ϭ 0.0047) and 4% (P ϭ 0.0019) (Fig.  6) . Overall, there was a highly signiÞcant species effect (F 1,3 ϭ 893.83; P Ͻ 0.0001), with R. microptera hatching sooner than T. eques. Finally, moisture level independently and signiÞcantly affected hatching time (F 1,3 ϭ 4.64; P ϭ 0.0055). Hatching time for R. microptera was later at the lowest moisture levels used in the experiment (Fig. 6) .
Length of Egg Stage: T. eques versus R. microptera. Under relatively constant laboratory-room temperatures of Ϸ26ЊC, the two species differed signiÞcantly in average hatching time per pod: R. microptera (mean Ϯ SE ϭ 175.5 Ϯ 1.4 d); T. eques (236.6 Ϯ 1.6 d) (t-test: P Ͻ 0.0001) (Fig. 7) .
Discussion
In this study, two closely related grasshopper species have evolved divergent egg physiologies. The eggs of a marsh-inhabiting grasshopper survived better at high soil moistures than at low soil moistures, whereas the eggs of a desert grasshopper survived better at low than high soil moisture levels. Remarkably, 64% of eggs of R. microptera, from the Everglades wetlands, survived and hatched after 90 d of total submergence under water. Likewise, nearly 50% of eggs of T. eques, from the Chihuahuan Desert, survived when laid into oven-dried sand containing no water, and then maintained with no additional moisture throughout the 8-mo egg stage. These species differences appear to be beneÞcial given their divergent habitats. Other authors have noted that the eggs of xerophilic grasshopper species are much more resistant to drying, but more susceptible to drowning than are the eggs of hydrophilic species (Shulov 1952 , Ingrisch 1983 , Hewitt 1985 , Colvin 1996 , Gehrken and Doumbia 1996 .
Our two species also differed in egg incubation times. Under similar laboratory conditions of 26 Ϯ 2ЊC, the mean oviposition-to-hatch period for T. eques eggs was 2 mo longer than for R. microptera (237 vs. 176 d) (Fig. 7) . Ongoing studies in our laboratory show that this difference is primarily because of a much longer diapause period in T. eques (T. W. Stauffer, unpublished data). These differences in length of the egg stage are presumably beneÞcial in that they allow each species to hatch at the appropriate time of year, in their respective habitats. Similar to many temperatezone grasshoppers (Uvarov 1966 , 1977 , Capinera and Sechrist 1982 , Pfadt 1994 , Florida R. microptera hatch at the beginning of spring and thus must be ready to hatch as soon as soil temperatures begin to rise (Fig.  2) . Egg eclosion in spring-hatching grasshoppers is often triggered by rising soil temperatures that exceed a threshold temperature (Shotwell 1929 , 1941 , Pickford 1976 , Hewitt 1979 , Koehler et al. 1999 ). For R. microptera, there should be little Þtness loss for rapidly maturing embryos, as long as actual hatching is delayed by low winter soil temperatures, as is the case for other spring-hatching grasshopper species (Shotwell 1929 , Uvarov 1966 , 1977 , Wardhaugh et al. 1969 , Kemp and Sánchez 1987 . Even exceptionally early hatching (in early January) would not be immediately lethal for R. microptera, because food plants and sunshine to heat the black nymphs are available year-round in sub-tropical south Florida.
In comparison, desert T. eques do not hatch in spring, but, like many other desert grasshoppers, have evolved to hatch at the beginning of the rainy season (Whitman and Orsak 1985 , Whitman 1988b , Colvin 1996 , Moizuddin 1999 , 2005 , Maiga et al. 2008 ). For T. eques, spring or midsummer hatching would be lethal, because the searing desert heat, low humidity, and lack of edible annuals during midsummer would quickly kill the tiny hatchlings. Hence, the longer egg development time for desert T. eques probably prevents early hatching, even during rising or high soil temperatures.
In many grasshoppers, low soil moisture can slow or stop development, and hence greatly extend the egg stage (Farrow 1975 , Uvarov 1977 , Mukerji and Gage 1978 , Hunter et al. 2001 , in some cases up to several years (Shulov and Pener 1961 , Colvin 1996 , Maiga et al. 2008 . In others, high soil moisture prolongs the egg stage (Parker 1930, Shulov and Pener 1961) . However, in our experiment, soil moisture did not dramatically alter egg development time for either species. There were some slight, but signiÞcant differences in length of egg incubation at the lowest moisture levels (Figs.  4 and 6 ). This may (or may not) be an artifact because Fig. 6 . Mean time (ϮSE) to Þrst hatch per pod for R. microptera and T. eques egg pods laid into soil at speciÞc low soil moisture levels and maintained at those levels for the duration of the egg stage. Fig. 7 . Distribution of mean hatch times per pod for egg pods from experiment 1 for R. microptera (n ϭ 67 egg pods; ranging from 2 to 95% H 2 O treatments) and T. eques (n ϭ 74 egg pods; ranging from 1 to 90% H 2 O treatments).
of low survival (low N) for R. microptera at the lowest soil moistures (Figs. 3 and 5) .
Our study shows that these related species have evolved different egg physiologies. These trait changes appear to be beneÞcial for each species given their respective habitats. These results are not surprising, as grasshoppers and other insects readily adapt their physiologies and life histories to local conditions. Numerous studies document apparently adaptive geographic physiological variability in closely related grasshopper species or populations along altitude (Chappell 1983 , Hadley and Massion 1985 , Dingle et al. 1990 , Dingle and Mousseau 1994 , Berner et al. 2004 ), latitude (Dingle and Mousseau 1994 , Telfer and Hassall 1999 , Fielding 2006 , Fielding and DeFoliart 2007 , Tanaka and Zhu 2008 , Zhao et al. 2009 ), or habitat/microhabitat gradients (Schädler and Witsack 1999 , van Wingerden et al. 1991 , Fisher 1997 , Grace et al. 2009 ). Such ecotypic differences often have a genetic basis (Groeters and Shaw 1992 , Dingle and Mousseau 1994 , Berner et al. 2004 , Grace et al. 2009 , Tan et al. 2008 .
In this current study, the egg physiologies of two grasshopper species differ, and these differences are presumably beneÞcial given their disparate climates. Previous studies of these two related insects show divergence in other traits, and those differences also appear to be adaptive. For example, although both species are univoltine and exhibit an obligatory egg diapause under constant 26ЊC, T. eques eggs diapause immediately after laying, whereas R. microptera eggs enter diapause Ϸ2 mo after being laid (T. W. Stauffer, unpublished data) . This difference allows each species to synchronize egg diapause with winter (Fig. 2) . Furthermore, in the Þeld, desert T. eques lay deeper egg pods than R. microptera (9.3 vs. 3.9 cm to the bottom of the pod) (Stauffer and Whitman 2007) , which presumably keeps the eggs away from the hot and dry desert soil surface (Wardhaugh et al. 1969) . In contrast there may be advantages for marsh-inhabiting R. microptera to lay pods near the soil surface, because deep pods experience greater ßooding, and ßooding can kill grasshopper eggs (Popov 1959 , Shulov and Pener 1961 , Uvarov 1966 , Farrow 1975 , Shah et al. 1998 . Almost all grasshopper species oviposit underground, and it is well known that desert grasshoppers tend to lay deeper egg pods than do mesic or hydric species (Stauffer and Whitman 1997) . A few marshinhabiting grasshopper species actually lay pods above the ground, on or in vegetation, and this is thought to counter the disadvantages of laying in ßooded soils (Braker 1989, Stauffer and Whitman 1997) . Hence, as with differences in egg water physiology (this paper), lubber differences in egg pod depth also appear to be beneÞcial (Stauffer and Whitman 2007) .
R. microptera and T. eques also differ in ovipositionsite selection. R. microptera tend to lay in sunny, open spots, whereas desert T. eques tend to lay under bushes, where they and the resulting pods are shaded from direct desert sunlight (Stauffer and Whitman 2007) . Shaded desert soils experience less heating and drying than sun-exposed desert soils (Farrow 1975 , Fisher 1993 . Finally, although the topography of the Everglades is relatively ßat (Myers and Ewel 1990, Lodge 2010) , R. microptera tend to oviposit at elevated sites (Stauffer and Whitman 2007) . This presumably lessens exposure of the pods to the seasonal ßooding that occurs in the Everglades area, and reduces the chance that the eggs would have to hatch underwater, which is almost always lethal to the vermiform larvae.
Our experiments were conducted in the laboratory under relatively warm and stable temperatures and unchanging photoperiod. In nature, these variables ßuctuate, and we would expect different egg development rates, hatching times, and survival under different thermal regimes, including cold-shocks, which are known to induce or end diapause in the eggs of some grasshopper species (Uvarov 1966 , 1977 , Pickford 1975 , Oma et al. 1990 , Fisher et al. 1996 , Fisher 1997 , and warm temperatures, which alter diapauses or elicit hatching in mature embryos (Shotwell 1929 , 1941 , Parker 1930 , Wardhaugh et al. 1969 , Guo et al. 2009 ). Photoperiod experienced by adult females can also inßuence diapause in subsequent eggs of some grasshopper species (Wardhaugh 1977 , Dean 1982 , Tanaka 1994 . However, to date there is no evidence that photoperiod inßuences the eggs of lubber grasshoppers.
In conclusion, our data support the hypotheses that the eggs of each species are adapted to their speciÞc edaphic conditions. Furthermore, this and previous studies suggest rapid divergence of some traits (e.g., egg development time, timing of egg diapause, egg survival at extreme moisture levels, overall phenology, egg pod depth, egg and clutch size, adult body color, etc.) and little divergence of others (e.g., hatching success at moderate moisture levels, nymphal color pattern, sluggishness, ßightlessness, aggregative, acoustic, roosting, thermoregulatory, and threat-display behaviors, a preference for feeding on lilies, internal toxins, and a shared tracheal secretory defense gland) in these sister species (Hebard 1925 , Rehn and Grant 1961 , Whitman and Orsak 1985 , 1992 , Whitman 1987 , 1988a , 1988b , 1990 , Hatle and Whitman 2001 , Stauffer and Whitman 2007 , Whitman and Vincent 2008 . Given that these two insects can interbreed and produce viable hybrids in the laboratory, it is not surprising that they share most traits. Yet, they differ in a host of other traits, and these differences appear to be speciÞcally related to, and beneÞcial in, their respective desert versus marsh environments (e.g., Stauffer and Whitman 2007) . This suggests that these differences evolved in direct response to their divergent environments.
On a broader scale, this study adds to the extensive catalog of cases demonstrating ecotypic differentiation in related organisms (Hoeksema and Forde 2008 , Leimu and Fischer 2008 , Tanaka and Zhu 2008 , Hereford 2009 , Zhao et al. 2009 ). Under the right conditions, populations and species quickly adjust to local conditions via genetic change (Loxdale 2010) or phenotypic plasticity Ananthakrishnan 2009), or both (Grace et al. 2010) . Such evolution can be surprisingly rapid (Carroll et al., 2003 , Carroll 2008 , Bradshaw and Holzapfel 2010 , Huang et al. 2010 , Loxdale 2010 . And, it can occur over stunningly small spatial scales, perhaps as close as insects living on different branches on the same tree (Alstad and Corbin 1990), and even in the face of interpopulational genetic exchange (Mopper et al. 2000) .
